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Abstract⎯An experimental study of small-scale mineral particles in the atmosphere over Kyrgyzstan is car-
ried out. It is shown that the substance of the studied particles corresponds to quartz-enriched minerals, feld-
spars, layered silicates, minerals containing lime carbonate, etc. Overall, there is a definite correspondence
between the mineral particle compositions in the atmosphere of Kyrgyzstan and in the other regions of Cen-
tral Asia. The constructed size-distribution functions of the particles agree with the results of studying the
dust aerosol properties in the deserts of Central Asia obtained in the southwestern part of Tajikistan in 1989.
Keywords: small-scale mineral particles, Central Asia, adhesion, electron microscopy, energy-dispersive
X-ray analysis
Fine-dispersed particles fundamentally affect the
climate and biosphere because of their influence on
the process of the solar energy distribution above the
Earth (Kondrat’ev et al., 1983; Anastasio and Martin,
2001; Popel et al., 2011). Our understanding of the role
played by small-scale particles in the climate-con-
trolling processes (and, hence, our investigations asso-
ciated with these particles) rely on our knowledge of
the chemical and physical characteristics of the latter.
At present, as part of the scientific cooperation
between Russia, Kyrgyzstan, and Germany, we study
the aerosol particles, atmospheric brown clouds
(ABCs) and their manifestations in Central Asia. The
studies include both the experiments and theoretical
work. The procedure for acquiring and analyzing nano-
and microscopic particles over Kyrgyzstan is described
in (Adushkin et al., 2012). In (Adushkin et al., 2015),
the quantitative estimates of the aerosol’s radiative
forcing based on the empirical data on the physical
and optical properties of aerosol during air pollutants
transport into Central Asia are presented. An inte-
grated study characterizing the properties and origin of
small-scale particles over Central Asia is conducted in
(Adushkin et al., 2016). The main focus was placed on
studying particles during the summer when there are
favorable conditions for the existence of ABCs—
regional-scale clusters of air pollution abundant in
small particles of soot, sulfates, nitrates, f ly ash, and
other pollutants (Ramanathan and Crutzen, 2003;
Ramanathan et al., 2007). The properties and behav-
ior of small-scale particles in winter remain unex-
plored. The present paper is intended to fill this gap.
The first detailed studies of Central Asian mineral
dust were undertaken in 1989 in the southwestern part
of Tajikistan in the joint expedition of the scientists of
the former Soviet Union and the United States (e.g.,
Sokolik and Golitsyn, 1993; Andronova et al., 1992;
Isakov et al., 1992; Golitsyn and Gillette, 1993; and
Hansen et al., 1993). Inter alia, particle-size distribu-
tions were obtained for the dust aerosol of the deserts
of Central Asia (Andronova et al., 1992).
In this work, we present the results of acquiring and
analyzing mineral nano- and microscopic particles
above Kyrgyzstan during the winter season. Air sam-
pling was carried out in January and February 2015 at
a height of ~1 m above the Earth’s surface in the terri-
tory of the Teploklyuchenka lidar complex located at
an altitude of 2050 m above sea level. This study is
important for revealing the regularities of particle for-
mation in the atmosphere of Central Asia, identifying
the specificity of small-scale particles in the Central
Asian region, and solving ecological and climate prob-
lems.
The particles were collected by URG-3000ABC
particulate samplers with Teflon and quartz filters. Air
was sampled for suspended chemical species in two par-
ticle size intervals—smaller than 10 μm (samples PM10)
and smaller than 2.5 μm (samples PM2.5) simultane-
ously in eight channels (four channels for particles
smaller than 10 μm and four channels for particles
smaller than 2.5 μm). In this method it is required for
the chemical background for the analyses by the X-ray
fluorescence, radiometric, and gravimetric methods
to be low.
This approach which does not separately consider
nanoparticles (particles smaller than 1 μm, see (Adu-
shkin et al., 2012)) can be used to reveal the sources of
small-scale particles, especially as in the conditions of
the Earth’s atmosphere, the nanoparticles adhere to
the larger (microscopic) particles (Fig. 1). Indeed, the
formula for the adhesion characterizing the interac-
tion between a particle of radius a and the rough sur-
face with allowance for the adsorption of the ambient
air has the following form (Izvekova and Popel, 2014):
, (1)
where A is the Hamaker constant determined through
the surface energy, r is the characteristic size of the
asperities of the surface, S = Ω/t is the surface purity
introduced as the ratio of the diameter of the oxygen
ion Ω = 1.32 × 10–8 cm to the thickness of the
adsorbed layer t. The adhesion of the smaller particles
to the larger ones is governed by the necessary condi-
tion of the predominance of the adhesion forces over
the gravity force acting on a smaller particle. The cal-
culations based on formula (1) show that in the normal
conditions in the Earth’s atmosphere (which corre-
spond to A = 10–20–10–19 J, S ~ 0.1 (Izvekova and
Popel, 2014)), the gravity force prevails over the adhe-
sion force for the microscopic particles (i.e., particles
larger than 1 μm). Hence, the nanoparticles can stick
to the microscopic particles, in agreement with the
( )( )
2





⎜ ⎟+Ω + Ω⎝ ⎠
observations (Fig. 1). For elucidating the role of the
nanoparticles, the method that includes trapping the
samples by the Petryanov filters (AFA-RSP-10)
placed in the air samplers was used.
The small-scale particles contained in the filters
were analyzed in the following way. At the first step,
samples from the filters containing small-scale parti-
cles trapped by the filters were prepared for their sub-
sequent analysis on a Philips XL 30 FEG raster elec-
tron microscope. For this purpose, circular specimens
with a diameter of 10 mm were cut in the filters. These
specimen stubs were separated from the filter and
immediately placed on the surface of the carbon-con-
taining pad coated with glue and fastened to the alu-
mina holders of specimens of the Philips XL 30 FEG
microscope. After this, the specimens were sprayed
with an Au–Pd-containing substance, which led to
the formation of a thin (4–5 nm) coating on the sur-
face for improving the conductivity of the nonconduc-
tive material of the filters and for avoiding the local
charging and damaging of the images. Imaging by the
Philips XL 30 FEG electron microscope was used for
gaining an idea about the quality of the specimens,
i.e., for elucidating how much material is contained in
the filters, how this material is distributed, and what is
needed to increase the efficiency of studying the parti-
cles with the use of the Phillips XL 30 FEG micro-
scope.
It was established that the particles are distributed
on the filters fairly uniformly. The particle sizes range
from fractions of a μm to about 10 μm. There are many
clusters containing different minerals. Besides, organic
material is present: spores and clusters containing
fungi and/or mold which could be formed after the
collection of the particles. The element analysis sup-
ported fairly uniform distributions of the silicates in
the samples. However, at the same time, the samples
also contain other minerals—carbonates, sulfates, and
iron oxides (hydroxides).
The substance of the particles trapped by the filters
was examined by the energy dispersion X-ray spec-
troscopy for determining the chemical composition.
Fig 1. Electron images of small-scale particles from three different samples (a–c). Air samples were taken on February 8, 2015.
Fine particles are seen sticking onto larger ones due to adhesion.
20 µm20 µm 20 µm
(a) (b) (c)
The energy dispersive X-ray analysis was conducted
on a Sapphire Si (Li) detector (EDAX) with liquid
nitrogen cooling; the accelerating voltage was 15 kV.
The typical area of a sample was diagnosed element-
by-element. The diagrams reflecting the results of the
energy dispersion analysis for the three samples are
shown in Fig. 2. Figure 3 presents the examples of a
mapping based on the chemical elements. The most
significant elements are shown. By analyzing this fig-
ure, we can easily recognize the presence of silicates
and differentiate them based on calcites and, e.g., cal-
cium sulfate.
Generally, the energy dispersion analysis revealed
three main groups of particles: (1) quartz-rich miner-
als (containing O and Si); (2) feldspars containing Si,
Al, Mg, Na, Ca, and K; and (3) layered silicates con-
taining Al, Si, and K or Mg. Separate occurrences of
the minerals containing calcium carbonate are estab-
lished. Besides, in some cases the particles contain
biological material (Claviceps purpurea fungi, mold,
etc.), which is likely to have appeared on the filters
during the storage. This classification is illustrated by
the data presented in Table 1. This table, which is
compiled from the chemical composition data pro-
vided by the energy dispersion analysis, presents the
chemical and mineralogical compositions of the min-
eral particles in the different samples based on the
material collected on February 8, 2015. The symbols
***, **, and * in this table correspond to the large,
intermediate, and small amounts (in terms of the mass
fraction) of the chemical (mineral) elements making
up more than 2/3, from 1/3 to 2/3, and less than 1/3
of the mass of the predominant element (mineral),
respectively. The table shows that some samples con-
tain chlorine. The presence of this chemical element is
due to the material of the AFA-RSP-10 Petryanov fil-



























































Fig 3. Example of chemical element mapping. Most significant elements are indicated.
Si Al
Сa S
ters—chlorinated polyvinyl-chloride PVC-C, which is
the base of the filters for these samples. A similar anal-
ysis was conducted for the teflon and quartz filters of
the URG-2000ABC air inlets that were used for air
sampling on February 8, 2015, which yielded similar
results.
The synoptic situation on February 8, 2015 was the
following. During the first half of the day, the weather
over the eastern part of Kyrgyzstan which accommo-
dates the Teploklyuchenka lidar complex was deter-
mined by a western intrusion when air pollution was
formed by the particles originating from the Aral Sea
basin, Western Kazakhstan, Karakum, and Kyzylkum
deserts. In the troposphere at an altitude of 3–3.5 km
(corresponding to the constant pressure surfaces of
700 and 500 hPa), there was a baric trough with the
axis linking the territories of West Siberia, Kyrgyzstan,
and Afghanistan. The eastern part of Kyrgyzstan was
under the influence of the frontal periphery of the
trough, whereas the western part of Kyrgyzstan was
affected by the trough’s rear part, which ensured the
transfer of the midlatitude air masses at a height of
5.5 km (500 hPa) from the northern part of the Cas-
pian Sea through the western sector of the air
masstransport. The air f lows had a western direction.
The meteorological stations located in the eastern part
of Issyk-Kul basin and in the Central Tien Shan
recorded weak precipitation. In the western part of
Kyrgyzstan, the precipitation had ceased and fog was
observed.
At the end of the discussed day, the studied terri-
tory was located under the southwestern periphery of
the anticyclone, which implied that, besides the air
pollution source areas such as the Aral Sea basin, West
Kazakhstan, Kara Kum, and Kyzyl Kum, particles
were also transported from the sources in East Europe,
the European part of Russia, West Siberia, and East
Kazakhstan, including the Kazakh hummock region
and Betpak-Dala, Moiynkum, and Taukum deserts.
However, the anticyclone was rather weak; the frontal
Table 1. Chemical and mineral compositions of mineral particles in different samples. Air sampling was conducted on Feb-
ruary 8, 2015





0802P1-4_EDX *** ** ** * * * * * *** ** **
0802P1-5_EDX *** ** ** * * * * * * *** ** **
0802P1-6_EDX *** ** ** * * * * * *** ** **
0802P1-7_EDX *** * ** * * * * * *** ** **
0802P1-8_EDX *** ** ** * * * * * *** ** **
0802P2-2_EDX *** ** ** * * * * * *** ** **
0802P2-3_EDX *** ** ** * * * * * *** ** **
0802P2-4_EDX *** ** ** * * * * *** ** **
0802P2-5_EDX *** ** ** * * * * * *** ** **
0802P2-6_EDX *** ** * * * * * *** ** **
0802P2-8_EDX ** * * *** * * * * * *** ** **
0802P2-10_EDX *** *** ** * * * * *** *** ** **
0802P3-1_EDX *** * ** * * * * * *** ** **
0802P3-3_EDX *** * ** * * * * * *** ** **
0802P3-4_EDX *** ** ** * * * * * *** ** **
0802P3-6_EDX *** * ** * * * * * *** ** **
0802P3-7_EDX *** * ** * * * * * *** ** **
0802P3-CaCO3 *** * ** *** * * * * *** ** **
0802P3-Ca-S *** *** * ** ** * * * *** * *
0802P3-Fe *** * * * * *** * * *** * *
part of the baric ridge was at heights ranging from
1.5 km (850 hPa) to 3 km (700 hPa); very low wind
velocities were noted, and the air f low had a southern
direction. Precipitation had ceased throughout Kyr-
gyzstan.
The recurrence of the synoptic processes charac-
terized, just as on February 8, 2015, by the southwest-
ern and southern air mass f low directions, was 51.5%
in January–February 2015. Hence, the considered
chemical and mineral compositions of the mineral
particles collected on February 8, 2015 are fairly typi-
cal for January–February 2015.
Figure 4 shows the size distribution diagrams for
mineral particles from three typical samples. The first
column on the left in each diagram in Fig. 4 indicates
the number of nanoparticles. The analysis of the size
distributions of the mineral particles in the filter yields
the following results. In the particle size interval from
300 nm to 10 μm, the spectrum of particle size is most
adequately described by the lognormal distribution
with the median diameter Dm = 2–3 μm and variance
of the log diameter v2 = 0.6–0.8 for the different sam-
ples. These approximations give values that are fairly
close to Dm = 3.5–6 km and v2 = 0.5–0.8 (Andronova
et al., 1992), characterizing the distribution of the soil-
erosion-produced aerosol in the region of the experi-
ment in Tajikistan in 1989 (Sokolik and Golitsyn,
1993; Andronova et al., 1992; Isakov et al., 1992;
Golitsyn and Gillette, 1993; Hansen et al., 1993). This
testifies to the probably similar origin of the mineral
dust in the atmosphere over Kyrgyzstan. In the inter-
val of particle sizes from 100 to 300 nm, within each
50-nm bin there are one or two randomly distributed
particles. This is due to the fact that in the processing,
the set of ~5000 particles is insufficient for conducting
the statistical analysis of an area smaller than 300 nm
for the particles described by lognormal distributions
with the cited characteristics.
Thus, an empirical study of small mineral particles
in the atmosphere over Kyrgyzstan in winter is carried
out. It is shown that the substance of the studied par-
ticles corresponds to the quartz-rich minerals (con-
taining Si and O), feldspars containing Si, Al, Mg, Na,
Ca, and K; layered silicates containing Al, Si, and K or
Mg; minerals containing calcium carbonate, etc. Gen-
erally, there is a certain correspondence in the mineral
particle compositions in the atmosphere over Kyrgyz-
stan and in the other regions of Central Asia. The size
distributions of the particles are constructed. These
distributions agree with the results of studying the
properties of the dust aerosol in the deserts of Central
Asia in the southwestern part of Tajikistan (Andron-
ova et al., 1992).
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